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(57) ABSTRACT 
The preparation of optically-active cyanohydrins from 
the corresponding oxo compounds is disclosed. The 
reaction of the oxo compounds with hydrocyanic acid 
is carried out in an organic solvent in the presence of 
(R)- or (S)-oxynitrilase (4.1.2.10) and (4.1.2.11), respec 
tively, being solubilized in a lyotropic liquid crystal. 
Compounds which upon hydrolysis produce increased 
pH values are excluded as surface active agents. Prefer 
ably, surface active agents, the organic solvent and an 
aqueous buffer solution with a pH of 3 to 6, are mixed 
together to obtain a liquid crystal/organic solvent two 
phase system. The liquid crystal is preferably fixed on a 
porous support, in particular a glass support. The reac 
tion is carried out in a flow-through reactor which 
contains the liquid crystal in the abovementioned form 
or in thin layers adjacent to narrow flow channels, the 
borders of which are liquid permeable and through 
which the substrate-containing solvent is passed. 

8 Clains, 1 Drawing Sheet 
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1. 

PROCESS FOR THE ENZYMATIC PREPARATION 
OF OPTICALLY-ACTIVE CYANOHYDRINS 

BACKGROUND OF THE INVENTION 

The present invention relates to a process for prepar 
ing optically-active cyanohydrins by enzymatic reac 
tion of oxo compounds with hydrocyanic acid in the 
presence of (R)- or (S)-oxynitrilase (4.1.2.10) or 
(4.1.2.1 l), respectively, under conditions sufficiently 
acid for the competing chemical reaction which pro 
duces racemates to be negligible. 

Optically-active cyanohydrins are of considerable. 
interest for obtaining optically-active a-amino alcohols, 
a-hydroxy carboxylic acids, heterocycles and pyre 
throid insecticides. Of central importance in this con 
nection is the availability of chiral synthons that can be 
easily derivatized and that can be prepared at reason 
able cost in adequate amounts with maximum enantio 
ner excess (ee). 

In view of the optical selectivity of enzymatic reac 
tions, the enzyme-catalyzed preparation of optically 
active cyanohydrins has already been investigated. The 
optical purity of these compounds is a function of the 
efficiency of suppression of the competing chemical 
reaction. 
German Patent 1,300, l l l describes the preparation of 

optically-active cyanohydrins using (R)-oxynitrilase 
bound to ion exchangers at pH 5.4. However, the ee 
values achieved in the process were all below 90%. 

Effenberger et al. (Anoew. Chem. 99:49 (1987)) 
therefore recommended the enzymatic reaction of oxo 
compounds with hydrocyanic acid in organic water 
immiscible solvents in order to suppress the chemical 
reaction. A preferred process used enzyme immobilized 3 
on a support in ethyl acetate at pH values of 5.4. The ee 
values achieved were up to 99%. However, enzyme 
stability is lower in organic media. 
Another way of suppressing the competing chemical 

reaction and racemization is disclosed in EP 326 063. 
According to this reference optically-active cyanohy 
drins are said to be obtained by reacting oxo compounds 
with hydrocyanic acid in the presence of oxynitrilase 
under conditions sufficiently acid, especially at pH val 
ues less than or equal to 4.5, and at such temperatures 
that the competing chemical reaction and racemization 
are negligible compared with the enzymatic synthesis. 
A low pH causes low enzyme activity. Increased losses 
in activity of the biocatalyst under these conditions are 
reported, and the examples reveal that low tempera 
tures in the range from 5 to 8 C. are favored. 

SUMMARY OF THE INVENTION 

It is therefore an object of the present invention to 
provide a process for enzymatically preparing optical 
ly-active cyanohydrins which can be carried out at 
optimized conditions for the enzyme activity and stabil 
ity while at the same time suppressing the competing 
chemical reaction which leads to the production of 
racemates. Such a process would provide both optimum 
yield and optimum optical purity. 

It is a further object of the invention to provide a 
reactor for a reaction using a biocatalyst in the form of 
a lyotropic liquid crystal, in particular a reaction using 
an oxynitrilase to produce an optically-active cyanohy 
drin. 
These and other objects according to the invention 

are provided by a process for preparing optically-active 

5 

O 

S 

20 

25 

30 

45 

50 

55 

60 

65 

2 
cyanohydrins, comprising the steps of solubilizing an 
oxynitrilase selecting from the group consisting of (R)- 
oxynitrilase (4.1.2.10) and (S)-oxynitrilase (4.1.2.1 l) in a 
iyotropic liquid crystal, where surfactants which pro 
duce an increase in pH upon hydrolysis are excluded 
from the liquid crystal formation; and enzymatically 
reacting an oxo compound with hydrocyanic acid in an 
organic solvent in the presence of the oxynitrilase solu 
bilized in the lyotropic liquid crystal under conditions 
sufficiently acid for the competing chemical reaction 
and the racemization to be negligible in the defined 
reaction system. 
The present invention also provides a flow-through 

reactor for a reaction using a biocatalyst in the form of 
a lyotropic liquid crystal, comprising a reactor housing: 
inlet and outlet distributors in the reactor housing; and 
at least one narrow flow channel in said reactor housing 
for a liquid containing a reactive substrate, the at least 
one flow channel being at least partially formed by 
selectively liquid-permeable layers of a porous material, 
the layers bordering on a layer containing a liquid crys 
tal, the dimensions of which in a direction transverse to 
the direction of flow make possible an essentially com 
plete penetration of the reactive substrate into the liquid 
crystal-containing layer. 
Other objects, features and advantages of the present 

invention will become apparent from the following 
detailed description. It should be understood, however, 
that the detailed description and the specific examples, 
while indicating preferred embodiments of the inven 
tion, are given by way of illustration only, since various 
changes and modifications within the spirit and scope of 
the invention will become apparent to those skilled in 
the art from this detailed description. 
BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 shows a reactor according to the present in 
vention. 

FIG. 2 show's a reactor according to the present in 
vention comprising a series of plates. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

It has now been found, surprisingly, that the enzy 
matic synthesis can be preferred to the competing 
chemical reaction and racemizations in the acid range at 
pH values shifted towards the neutral point and at 
higher temperatures in comparison to aqueous systems 
when the biocatalyst is present in a form solubilized in a 
lyotropic liquid crystal, and the substrate is fed in via an 
organic solvent phase. 
The process according to the invention comprises 

reaction in an organic solvent in the presence of oxyni 
trilase which has been solubilized in a lyotropic liquid 
crystal, where those surfactants whose hydrolysis re 
sults in an increase in the pH are ruled out for the liquid 
crystal formation. The oxo compound is contained in 
the organic phase, while the enzyme is present in the 
aqueous medium within the liquid crystal phase. In this 
way, a higher activity and stability are achieved than is 
possible with the purely organic media according to 
Effenberger et al. This optimum result relative to both 
yield and optical purity is achieved with pH values 
closer to the neutral point and without requiring low 
temperatures, both of which adversely affect enzyme 
stability and/or activity. 
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It is possible in this way to obtain optically-active 
(R)-cyanohydrins and (S)-cyanohydrins by reacting 
aliphatic or aromatic or heteroaromatic aldehydes or 
ketones with hydrocyanic acid in the presence of the 
(R)- or (S)-oxynitrilase, respectively, immobilized in the 
lyotropic liquid crystal. The preferred buffer solution 
used to produce the liquid crystalline phase is one hav 
ing a pH between about 3 and 6. 

Preferred surfactants are cationic or nonionic amphi 
philes such as alkyltrimethylammonium halides, alkyl 
pyridinium halides, polyoxyethylene ethers, polyoxy 
ethylene esters, polyoxyethylene sorbitan esters, alkyl 
phenol polyethylene glycol ethers, corresponding poly 
oxypropylene derivatives or copolyoxyethylenepolyox 
ypropylene derivatives or corresponding surfactant 
mixtures, and expedient organic solvents are, in particu 
lar, methylene chloride, chloroform, tetrachlorome 
thane, dibutyl ether, diisopropyl ether or toluene. In 
practice, dibutyl ether and Brij (R)35 (polyoxyethylene 
monolauryl ether) supplied by Serva have proven very 
suitable. 
The preparation of the liquid crystalline biocatalyst 

containing system expediently starts from an about 1 to 
30% by weight, preferably about 5 to 10% by weight, 
stock solution or suspension of a surfactant in an or 
ganic solvent. Subsequently added to this stock solution 
are about to 30% by weight, in particular about 5 to 
10% by weight, of aqueous biocatalyst-containing 
buffer solution. Brief shaking results in a biphasic liquid 
crystal/organic solvent system. 
The exact composition of a system of this type can be 

readily determined in appropriate preliminary tests if it 
cannot be found in the literature on colloid chemistry 
(surfactant/organic solvent/water ternary phase dia 
grams). 
The process according to the invention is particularly 

suitable for reacting water-insoluble oxo compounds. In 
cases where the oxo compound is not too polar, it can 
itself form the organic solvent. 
The biocatalyst-containing lyotropic liquid crystals 

are preferably mixed with porous support materials, 
such as, for example, porous sintered glass bodies. In 
use, they are particularly expediently employed to pack 
a continuous-flow column. 

Particularly favorable in terms of process technology 
is a continuous-flow reactor which has thin layers of the 
biocatalyst-containing liquid crystal adjacent to narrow 
flow channels for substrate-containing solvent. 
The enzymatic reaction of organic compounds in the 

presence of lyotropic liquid crystals which contain en 
zyme and which preferably have a reverse phase struc 
ture has been described in EP 340 744. Based on this 
disclosure it was entirely unexpected, however, that it 
would be possible, in the preparation of optically-active 
cyanohydrins by enzymatic means, to shift the pH 
towards the optimum enzyme reaction range of about 
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pH 7 by using lyotropic liquid crystals. This makes it 
possible to carry out a successful reaction under favor 
able conditions, especially without the need to employ 
the special low temperatures of the aqueous system, and 
with relatively low enzyme losses. Of course, the reac 
tion according to the invention can also take place 
within a relatively wide temperature range from about 
- O C. to 70° C. 

Surprisingly, in the case of the oxynitrilase, besides 
liquid crystals with reverse phase structure which have 
been preferably used to date, it is also possible equiva 
lently to use those with normal phase structure. This 
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fact considerably simplifies the choice and extends the 
possibilities of preparing a liquid crystalline reaction 
system. 
The invention is described by means of the following 

examples. 

EXAMPLE 

A stock solution of 10% by weight decaethylene 
glycol dodecyl ether in dibutyl ether was prepared. To 
five (5) ml of this solution were added 280 ul of an 
aqueous R-oxynitrilase solution (protein concentration 
10 mg/ml, 50 mM citrate buffer pH = 3.75). Brief shak 
ing resulted in a liquid crystal containing the enzyme in 
equilibrium with pure dibutyl ether. The ratio of the 
two phases is about 1:1 by volume. Subsequently, 100 
mg of benzaldehyde and 100 ul of hydrocyanic acid 
were added to this system, and the cyanohydrin synthe 
sis which started was followed by polarimetry in dibu 
tyl ether. After 50 minutes, the rotation was constant, 
and the reaction was stopped. The organic phase was 
then removed from the liquid crystal, and the solvent 
was stripped in a rotary evaporator. 
Chemical yield: 115 mg (90% of theory) 
Optical purity: 99% ee 
The optical purity was determined as N.O-bis-(penta 

fluoropropionyl)-2-amino-1-phenylethanol derivative 
of R-mandelonitrile by capillary gas chromatography 
by the method of H. Frank et al. (J. Chromatogr. 146: 
197-208 (1987)) on a chiral phase (FS-Chirasil-Val, 25 
mX0.32 mm). 
The derivatization was carried out as follows: 1-2 mg 

of mandelonitrile were reduced with 250 ul of a M 
diborane solution (in tetrahydrofuran) in dibutyl ether 
at room temperature in 30 minutes. After the excess 
diborane had been hydrolyzed with a few drops of 
ethanol, and the solvent had been stripped, the resulting 
amino alcohol was directly acylated with 20 pull of pen 
tafluoropropionic anhydride in methylene chloride at 
room temperature in 15 minutes. Finally, excess anhy 
dride was stripped off in a rotary evaporator, and the 
residue was taken up again in methylene chloride and 
analyzed by gas chromatography. 

EXAMPLE 2 

Phenoxybenzaldehyde (100 mg) was reacted as in 
Example 1. The reaction was complete after 90 minutes. 
The working up of the cyanohydrin and the determina 
tion of the optical purity were carried out as described 
in Example 1. 
Chemical yield: 90 mg (87% of theory) 
Optical purity: 99% ee 

EXAMPLE 3 

Fluorobenzaldehyde (100 mg) was reacted as in Ex 
ample 1. The reaction was complete after 90 minutes. 
The working up was carried out in analogy to Example 

Chemical yield: 102 mg (83% of theory) 
Optical purity: 76% ee 

EXAMPLE 4 

2-Methylcyclohexanone (100 mg) was reacted as in 
Example 1. The reaction was complete after about 120 
minutes. Working up and analysis were carried out in 
analogy to Example 1. 
Chemical yield: 111 mg (82% of theory) 
Optical purity: 92% de 
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EXAMPLE 5 

Continuous production of (R)-mandelonitrile in a 
fixed-bed reactor. 
A solution of 10% by weight Brij (R)35 (SIGMA) in 

diisopropyl ether was prepared. Seven hundred (700) ul 
of an aqueous solution of (R)-oxynitrilase (protein con 
centration 10 mg/ml. citrate buffer pH = 4) were added 
to 20 ml of this solution. Brief shaking resulted in about 
six grams of lyotropic liquid crystal in equilibrium with 
diisopropyl ether. Three grams of this liquid crystalline 
biocatalyst were packed into the interior of 10 Siran 
Raschig rings (internal diameter 5 mm, length 5 mm). 
These Siran rings were placed in a 25 ml chromatogra 
phy column, the column outlet was connected to a 
pump with connected bubble trap and polarimetric flow 
cell, and the system was filled with 30 ml of diisopropyl 
ether. After the column inlet had been coupled to an 
ice-cooled receiver which contained a diisopropyl ether 
solution with 25 ul/ml benzaldehyde and 25 ul/ml 
HCN, the reaction in the continuous flow apparatus 
was started by switching on the pump. Steady state was 
reached after about 140 minutes. The apparatus was 
operated continuously for 2 days, no reduction in the 
rotation being noted. 
Operating conditions: 
Benzaldehyde: 250 mM 

Residence time: 80 nin 
Average conversion: 95% 
Space-time yield: 550 g/(1 d) 
Optical purity: 99% ee 

EXAMPLE 6 

Continuous production of (R)-mandelonitrile in a 
fixed-bed reactor with different residence times. 
Description of experiment: 
Mixture: 

2.5 g of Brij (R)35 
10 ml of dibutyl ether 
3.5 ml of R-oxynitrilase in 50 mM citrate buffer pH 

3.75 (110 U/ml; 385 U in the mixture) 
70 g of glass beads 

Substrate concentrations: 
90 mM benzaldehyde 
200 mM hydrocyanic acid 

Temperature: 25 C. 
Polarimeter: A = 436 mm 
Total reactor volume: 50 ml 
Volume through which flow is possible: 7.0 ml 
A solution of 25% by weight Brij(R)35 (SIGMA) in 

dibutyl ether was prepared. To 10 ml of this solution 
were added 3.5 ml of an aqueous solution of (R)-oxyni 
trilase (protein concentration 10 mg/ml, citrate buffer 
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pH 3.75). Brief shaking resulted in approximately 6 g of 55 
lyotropic liquid crystal in equilibrium with dibutyl 
ether. The liquid crystalline biocatalyst was mixed with 
70 g of glass beads and placed in a 50 ml chromatogra 
phy column. The column outlet was connected to a 
pump with connected bubble trap and polarimetric flow 
cell, and the system was filled with 50 ml of dibutyl 
ether. After the column inlet had been coupled to an 
ice-cooled receiver which contained a dibutyl ether 
solution with 90 mM benzaldehyde and 200 mM hydro 
cyanic acid, the reaction in the continuous flow appara 
tus was started by switching on the pump. Various 
residence times were set, waiting in each case until the 
steady state was reached. The apparatus was operated 
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continuously for 3 days, scarcely any reduction in the 
rotation being noted. The volume through which flow 
was possible was used to calculate the residence time 
and the space-time yield. 
The conversion and the rotation at 0 different resi 

dence times were determined. 

Con 
wer- ST 

Flow R RT c(BA) c(MN) sion yield ee 
ml/min deg min HM nM g/.d 7. 

0. 0.26 70 2 83 98 226 96 
0.2 0.262 35 2 83 98 4S2 96 
0.4 0.263 7.5 2 83 98 905 96 
0.8 0.232 9 0 75 8S 600 95 
.6 0.83 4.4 32 61 72 26SO 93.5 

2.0 0.53 3.5 42 48 S6 2633 96.5 
2.4 0.12 3 6 32 38 2064 94 
3.2 0.080 2.2 69 25 30 260 n.d. 
4.0 0.068 .75 67 2) 26 2312 n.d. 
4.8 0.054 16 73 17 20 2070 n.d. 

BA = benzaldehyde 
MN = mandclonutrile 

As is evident from the above table, the formation of 
mandelonitrile can be optimized: the highest space-time 
yields with virtually undiminished enantiomeric purity 
were obtained with residence times between 3 and 4 
minutes in the series of experiments carried out. 

EXAMPLE 7 
Enzyme stability 

Forty (40) liquid crystalline systems containing (R)- 
oxynitrilase were prepared as in Example 1 and were 
placed in 5 ml test tubes with ground joint. The oxyni 
trilase was stored in this form at room temperature, and 
the activity of the enzyme was measured after one day 
in each case. For this, 100 ul of benzaldehyde and 100 
ul of HCN were placed in each of these tubes, and the 
rotation was measured discontinuously after 10, 20 and 
40 minutes. The increase in this rotation/time plot was 
used as a measure of the enzyme activity. A fall of about 
3% per day was noted during the first 4 days. After this, 
no further loss in activity was noted over a period of 40 
days, and the enzyme activity was about 80% of the 
initial activity. The loss of activity by oxynitrilase in 
citrate buffer at pH = 3.75 and 20° C. is about 8% per 
day. 

EXAMPLE 8 

Synthesis at pH 4 to 6.5 
The procedure was as described in Example 5, em 

ploying various aqueous enzyme-containing solutions at 
pH = 4.0, 4.5, 5.0, 5.5, 6.0 and 6.5. After continuous 
operation for 24 hours, the optical purity of the man 
delonitrile formed in each case was determined. The 
results obtained are compiled in the table which fol 
lows: 

pH 3.0 4 5 6 7 
% ee 96.4 97.2 92.7 89 88.1 

EXAMPLE 9 

The reaction was carried out in a 100 ml two-neck 
flask with KPG stirrer. In order to convert the reaction 
system into a stirrable form, in which it is possible, in 
particular, to prevent adhesion of the liquid crystal to 
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the stirrer blades, the following variants were devel 
oped: 

(a) Two (2) g of polyethylene glycol 20 dodecyl ether 
(Brij (R)35) are mixed at 50° C. with 40 ml of dibutyl 
ether. This results in a stock solution of surfactant in 
dibutyl ether. After cooling to 35° C., 2.8 ml of enzyme 
solution (protein concentration 18 mg/ml) are added. 
Vigorous shaking results in about 2 ml of liquid crystal. 
To this are added 50 ml of non-porous glass beads 
(ds 2-4 mm). 

(b) The procedure is that described under (a). How 
ever, in place of the non-porous glass beads, 40 ml of 
porous Siran glass beads (Schott, d=0.2-0.6 mm, pores 
20 um) are added. The system is briefly evacuated to 
remove air bubbles. Uptake of the liquid crystal mass 
into the cavities of the porous glass is, where appropri 
ate, promoted by subsequent application of pressure 
(e.g., 2 bar). 

(c) The procedure is as described under (a). How 
ever, in place of non-porous glass beads, 50 ml of sea 
sand or 50 ml of cellulose powder (Avicell, FMC) or 50 
ml of dry bead cellulose (Leipziger Arzneimittelwerk) 
are added. 

(d) When porous materials, e.g., cellulose powder, 
bead cellulose, Siran glass, are used, the procedure can 
also be as follows: 3 ml of the enzyme solution are 
added to 10 g of the support material. This moist sup 
port material is then added to 40 ml of the stock solution 
of Brij (R)35 in dibutyl ether described under (a). In this 
procedure, the water content can be varied in the range 
from 2.6 to 8 m) per mixture. 

(e) Forty (40) g of Eupergit (RC 250 L (Röhm 
Pharma) are mixed with 200 ml of R-oxynitrilase solu 
tion (1.9 g/l; pH = 7.5) and left to stand at room temper 
ature for 72 hours. It is then washed with distilled wa 
ter, and the immobilizate is dried in vacuo at room 
temperature for 24 hours. Forty (40) g of immobilizate 
are then wetted with 6 ml of citrate buffer of pH 3.75 
and subsequently dispersed in 50 ml of the stock solu 
tion described under (a). The water content of the sys 
tem can be varied within the limits from 2 to 10 ml per 
mixture. 

In all cases, a stirring speed of 150 rpm at room tem 
perature was used. In each case, 20 ml of water 
saturated dibutyl ether, 2 ml of benzaldehyde and 2 ml 
of hydrocyanic acid were added. After a reaction time 
of 12 hours, the conversion was determined by HPLC 
(column RP-18, mobile phase acetonitrile/citrate buffer 
pH = 4.2 = 30/70), and the ee value was determined as 
described in Example 1. The findings were as follows: 
Variant (a) Conversion 90%; ee=97.2% 
Variant (b) Conversion 86%; ees-96.0% 
Variant (c) Sea sand: conversion 87%; ee=92.7% 
Variant (c) Avicell: conversion 75%; ee=91.0% 
Variant (c) Bead cellulose: conversion 78%; ee=88% 
Variant (d) Conversion 86%, ees 81% 
Variant (e) Conversion 56%, ee-78.8% 
A flow-through reactor is convenient for carrying 

out reactions with the aid of biocatalysts that are con 
tained in lyotropic liquid crystals. In the reactor, liquid 
crystal-containing layers alternate with flow channels 
for the substrate-containing liquid, the channels being 
formed at least in part by a porous material defining the 
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liquid crystal containing layers. The dimensions of the 
layers transverse to the flow channels make possible an 
essentially complete penetration of the entire liquid 
crystal containing layer by the reactive substrate. The 
flow channels are preferably formed by layers of liquid 
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permeable sintered materials and preferably fill less than 
about 50%, in particular less than about 30% of the 
reactor volume. 
The liquid crystal containing-layer is preferably 

formed by a mixture of liquid crystals containing a 
biocatalyst with a porous support material, specifically 
porous sintered glass, and preferably has a layer thick 
ness of less than about 1 cm. The thickness of the flow 
channels preferably is less than about 0.5 cm. 

Suitable layouts are shown in FIGS. 1 and 2. FIG. 1 
shows reactor 1 containing porous tube 2 which con 
tains a liquid crystal filling comprising a biocatalyst. 
Tube 2 is sealed on the frontal side by caps or plugs 4, 
5. Tube 2 fits slidingly into sheathing tube 6, which 
forms the reactor jacket and a flow channel for liquid 
flow, the flow channel being defined by gap 7, together 
with the port volume of tube 2. The liquid flows though 
inlet distributor 8 and leaves the reactor through outlet 
distributor 9. The terminal closure and liquid distributor 
are not shown in detail. 
FIG. 2 shows a schematic layout of a plate module 

reactor 10, formed by a series of plates 20, which may 
be traversed by a flow in the same direction or alternat 
ingly (as diagrammed), and between which liquid crys 
tal layers 30 are provided. A reactor of this type, con 
sisting of a plurality of plates, may be formed in the 
simplest manner by a stack of mutually independent 
plates 20, the longitudinal edges of which are sealed and 
closed off by reactor wall 80. At least one frontal side of 
the reactor jacket comprises inlet and outlet distributors 
for a substrate-containing liquid. Liquid crystal layers 
are applied to one or both sides 20' of plates 20, the 
thickness of the layers determining the space between 
the plates. Spacers may optionally be used to maintain 
the spacing selected. The gaps created by the intermedi 
ate spaces are filled by liquid crystal-containing layers 
30. 
What is claimed is: 
1. A process for preparing optically-active cyanohy 

drins, comprising the steps of: 
solubilizing an oxynitrilase selected from the group 

consisting of (R)-oxynitrilase (4.1.2.10) and (S)- 
oxynitrilase (4.1.2.11) in a lyotropic liquid crystal, 
where surfactants which produce an increase in pH 
upon hydrolysis are excluded from the liquid crys 
tal formation, the oxynitrilase catalyzing the pro 
duction of an optically-active cyanohydrin; and 

enzymatically reacting an oxo compound with hy 
drocyanic acid in an organic solvent in the pres 
ence of the oxynitrilase solubilized in the lyotropic 
liquid crystal under conditions sufficiently acid for 
the competing chemical reaction and the racemiza 
tion to be negligible. 

2. The process as claimed in claim 1, wherein the 
reaction is carried out in a ternary system of surfactant 
/organic solvent/aqueous buffer which has been pre 
pared using buffer solutions with pH values between 3 
and 6. 

3. The process as claimed in claim 1, wherein the 
reaction is carried out in a continuous flow reactor with 
liquid crystal immobilized on a porous support. 

4. The process as claimed in claim 1, wherein the 
reaction is carried out in a continuous-flow reactor 
which contains the liquid crystal in a thin layer adjacent 
to narrow flow channels which have a liquid-permeable 
boundary and through which a substrate-containing 
solvent or solvent mixture is passed flowing tangentially 
to the liquid crystal layer. 
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7. The process as claimed in claim 1, wherein the 
reaction is carried out in a non-continuous reactor. 

oxynitrilase is (R)-oxynitrilase (4.1.2.10). 8. The process as claimed in claim 1, wherein the 
oxynitrilase is solubilized in a lyotropic liquid crystal 

5 immobilized on a porous support. 
oxynitrilase is (S)-oxynitrilase (4.1.2.1 l). k . . . 

5. The process as claimed in claim 1, wherein the 

6. The process as claimed in claim 1, wherein the 
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